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ABSTRACT 
In recent years, the demand for reduced weight and high performance materials 
for automotive applications such as brake disc have increased. The newly developed, 
aluminium metal matrix composite (AI-MMC) reinforced with silicon carbide (SiC) 
particulate seem suitable to be an alternative material for this application. In this 
experimental study, AI-Cu-SiCp MMC was developed through stir casting method with 
sand mould. A constant 4.5% of weight percentage of 5 !-Ull pure copper powder was 
added to the mixtures to enhance the properties of AI-MMC. The effects of particle 
sizes of SiC as well as the weight percentage of SiC, pouring temperature and stirring 
time on the hardness, wear, compressive properties, flexure behavior and density of Al-
Cu-SiCp MMC were investigated. Taguchi's Robust Parametric Design was used \vith 
ilmer array L9 34 and outer array with 2 replications to plan the experimental runs. A 
statistical Pareto Analysis of Variance (Pareto ANOVA) was employed to detennine the 
significant factors of these properties and optimum combinations of process variables 
for targeted functions. From the analysis, it was found that particle sizes of SiC is the 
most significant factor for density characteristic and compressive properties while 
weight percentage of SiC is the most significant factor for hardness and wear resistance 
characteristics. Optimum combinations were determined and conformity test were 
conducted to verify the optimum properties of newly developed material, AI-Cu-SiCp 
MMC. Optimum combination of hardness was AIB2CoDO ( 59 fllll particle size af SiC, 
15% af weight percentage af SiC, 675°C pauring temperature and 5 minutes stirring 
time) with 82.5 HV; wear rate A2B2C2Do ( 106 flm particle size af SiC, 15% af weight 
percentage af SiC, 725°C pauring temperature and 5 lllinutes stirring time) with 1.585 
x 10-5 g/sec; compressive strength A1B2C2Dl (59 flm particle size of SiC, 15% afweight 
percentage af SiC, 725°C pouring temperature and 10 minutes stirring time) with 
9410.06 MPa and density AoB1C1Dl ( 40 flm particle size af SiC, 10% af weight 
percentage of SiC, 700°C pauring temperature and 10 minutes stirring time) with 
2.6592 g/cm3• 
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CHAPTER I 
INTRODUCTION 
1.1 Introduction 
In the recent years, the demand for light weight, low cost and high quality 
perfOlmance materials has increased. Many researches have been done to develop new 
materials that meet these requirements. One of the newly developed materials is 
aluminum metal-matrix composites (AI-MMCs). Basically, there are three types of 
MMCs: particle reinforced, whisker reinforced and continuous fiber MMCs. 
Metal-matrix composite (MMCs) are widely used in industry because of their 
excellent mechanical properties. Nowadays, there are various products used of MMCs 
especially for automotive and engineering applications. This is because of their high 
strength, high elastic modulus, low co-efficient of thermal expansion, light weight, lo\v 
thermal shock, good wear resistance and many more advantages. This combination of 
these properties are not available in a conventional material. These mechanical 
properties also depend on the composite particles for the reinforcement of the 
aluminium. Most of the alloys that were used as matrices are light alloys, particularly 
those based on aluminium (Abd EI-Azim, et at. 2002). 
Most researches on metal matrix composite (MMCs) in recent years has been 
concentrated on the development of high perfornlance continuous fibre-reinforced 
composites for specialized applications. In spite of their unique properties, such 
composites are expensive. Therefore, development of less-expensive composites for 
non-critical applications is desirable. Particulate-reinforced MMCs are cost-effective 
alternatives and have the advantage of being machinable and workable using 
conventional processing method. However, their poor mechanical properties such as 
low fracture strain and fracture toughness, which are important for the design of 
structural materials, have limit their applications (Soon-Jik Hong, et al. 2003). 
In tills study, particulate-reinforced aluminum metal matrix composites (AI-
MMCs) was emphasized. Aluminum acted as matrix component while the 4.5% copper 
(5 micron) and silicon carbide particles act as the reinforcement materials. In addition, 





CHAPTER II 
LITERATURE REVIE'V 
This chapter reviews relevant literatures on metal matrix composites and its 
possibility for braking system application. Begin with overview of disc brake in Section 
2.1. Then, Section 2.2 reviews the composites, and metal matrix composites in section 
2.3. Factors affecting mechanical properties of AI-MMCs reinforced with SiCp will be 
discussed in section 2.4. Manufacturing process of AI-MMCs reinforced with SiC 
particles in section 2.5. Relationship between wear loss and hardness will be in section 
2.6 while section 2.7 reviews study of the influence of SiC on mechanical properties of 
aluminum metal matrix composites by other researches. For section 2.8, the 
comparison of studies is discussed. Section 2.9 reviews the gray cast iron and AI-ivIMC 
for automotive components. Section 2.10 reviews the Design of Experiment (DOE) with 
the summary of literature study in the last section. 
2.1 Disc Brake 
The optimization of automotive vehicles braking systems, subjected to 
mechanical and thermal stresses, depends on a combination of properties. In general. a 
complex state of stress is found and it is practically impossible to select a material and 
design a component based only on one of these properties. The material used in brake 
rotors should absorb and dissipate, as soon as possible, the heat generated during 
braking (G. Cueva, et af. 2003). Lately, reinforced aluminium has been introduced as 
disc material. Tribologically, this material works completely different from grey cast 
iron. The performance of aluminium disc is vitally dependent on the formation of a 
thick transfer film on the disc surface. On cast iron discs, thick transfer films must be 
avoided, as some wear of the disc is needed to remove oxides (1vIikael Eriksson and 
Staffan Jacobson, 2000). Disc brakes are widely used for reducing velocity for their 
characteristics of braking stability, controllability and the ability to provide a wide-
ranging brake torque. The braking processes in the friction units of a brake arc very 
complicated. In the course of braking, all parameters of the processes such as velocity. 
load, temperature, physicomechanical and tribological characteristics of the materials of 
the couple, and the condition of contacts are varying with time. The frictional heat 
generated on the interface of the rotor and the pads can cause high temperature. 
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